Background: Systemic ␣2 agonists are believed to reduce pain and opioid requirements after surgery, thus decreasing the incidence of opioid-related adverse effects, including hyperalgesia. Methods: The authors searched for randomized placebocontrolled trials testing systemic ␣2 agonists administrated in surgical patients and reporting on postoperative cumulative opioid consumption and/or pain intensity. Meta-analyses were performed when data from 5 or more trials and/or 100 or more patients could be combined. Results: Thirty studies (1,792 patients, 933 received clonidine or dexmedetomidine) were included. There was evidence of postoperative morphine-sparing at 24 h; the weighted mean difference was Ϫ4.1 mg (95% confidence interval, Ϫ6.0 to Ϫ2.2) with clonidine and Ϫ14.5 mg (Ϫ22.1 to Ϫ6.8) with dexmedetomidine. There was also evidence of a decrease in pain intensity at 24 h; the weighted mean difference was Ϫ0.7 cm (Ϫ1.2 to Ϫ0.1) on a 10-cm visual analog scale with clonidine and Ϫ0.6 cm (Ϫ0.9 to Ϫ0.2) with dexmedetomidine. The incidence of early nausea was decreased with both (number needed to treat, approximately nine). Clonidine increased the risk of intraoperative (number needed to harm, approximately nine) and postoperative hypotension (number needed to harm, 20). Dexmedetomidine increased the risk of postoperative bradycardia (number needed to harm, three). Recovery times were not prolonged. No trial reported on chronic pain or hyperalgesia.
Conclusions:
Perioperative systemic ␣2 agonists decrease postoperative opioid consumption, pain intensity, and nausea. Recovery times are not prolonged. Common adverse effects are bradycardia and arterial hypotension. The impact of ␣2 agonists on chronic pain or hyperalgesia remains unclear because valid data are lacking. C OMBINATIONS of strong opioids with nonopioid analgesics (for instance, nonsteroidal antiinflammatory drugs, acetaminophen, ketamine) have become popular in anesthesia. 1 Efficacious multimodal analgesia has been advocated as a basis of successful fast-track surgery. 2 These multidrug regimens aim to decrease postoperative pain, intraand postoperative opioid requirements, and subsequently, opioid-related adverse effects. It has been claimed that opioid-sparing or opioid-protective anesthesia techniques need to be adopted to avoid iatrogenic increase in the intensity of postoperative pain. 3 ␣2 Agonists have pharmacologic characteristics (sedation, hypnosis, anxiolysis, sympatholysis, and analgesia) that make them suitable as adjuvants to multimodal analgesia. 4 -6 Their antinociceptive effect is attributed to the stimulation of ␣2adrenoreceptors located in the central nervous system and spinal cord. Several studies have confirmed that intrathecal or epidural ␣2 agonists have an effect on short-term pain after surgery and also on neuropathic and cancer pain. It also has been suggested that ␣2 agonists, given by systemic route, potentiate the analgesic effects of opioids. 3 Systemic clonidine is thought to have opioid-sparing, anxiolytic, and antiemetic properties; however, dosing is likely to be limited by the adverse-effect profile. 7 Other authors have suggested that new ␣2 agonists such as dexmedetomidine may provide benefit in the treatment of pain compared with clonidine. 8 It remains unclear to what extent perioperative systemic ␣2 agonists decrease postoperative opioid consumption and pain intensity and whether there are additional beneficial effects, such as a decrease in the incidence of opioid-related adverse effects, including hyperalgesia. In addition, the fear of typical ␣2 agonist-related adverse drug reactions, such as bradycardia or arterial hypotension, may prevent anesthesiologists from using these drugs more frequently. Finally, it would be interesting to know whether there is a clinically relevant difference in the analgesic properties between clonidine and the more specific and shorter-acting dexmedetomidine. We set out to address these questions using data from systematically searched randomized controlled trials.
Materials and Methods
We report this systematic review according to the PRISMA recommendations. 9
Eligibility Criteria
We conducted a comprehensive search for published full reports of randomized, controlled trials testing the effect of systemic (intravenous, intramuscular, subcutaneous, oral, transdermal) ␣2 agonists administered before, during, or after surgery, compared with placebo or no treatment in adults undergoing noncardiac surgery under general anesthesia. Relevant studies had to report data on postoperative cumulative opioid consumption and/or postoperative pain intensity.
When surgery was performed during sedation or locoregional anesthesia (with or without general anesthesia), the study was not considered. Studies with fewer than 10 patients per group were excluded.
Information Sources
We searched Medline, Embase, and Central using the terms "clonidine," "dexmedetomidine," "␣2 agonist," "pain," "opioid," "an(a)esthesia," and combinations of those, and without restriction to year or language of publication. The last search was in March 2011. We checked bibliographies of retrieved articles. Authors were contacted to obtain additional information if necessary.
Study Selection
All articles identified through the literature search were reviewed for inclusion by one author (GB). Queries were solved through discussion with two other authors (CL, MRT).
Risk of Bias in Individual Studies
We applied a modified four-item, seven-point, Oxford scale (assessing the quality of randomization, concealment of allocation, degree of blinding, and description of the flow of patients) to assess the quality of data reporting of individual trials. 10 Because we included only randomized trials, the minimum score was 1. One author (GB) scored all potentially relevant studies. The scores were independently checked by another author (CL). Any disagreement was solved through discussion with a third author (MRT).
Data Extraction Process
One author (GB) extracted relevant information from the original reports, and a second author (CL) independently checked all extracted data. Data extraction was performed on a computerized Excel (Microsoft ® , Redmond, WA) sheet that was extended as new outcomes were extracted.
Data Items
Extracted information included number of patients in experimental and control groups, type of surgery, regimens of ␣2 agonists, pain outcomes, and adverse events. Relevant pain outcomes included postoperative pain intensity and cumulative opioid consumption.
For pain intensity, we extracted 0 -10 cm visual analog scale (VAS) data ranging from 0 (no pain) to 10 (worst pain). Data from alternative numerical or verbal pain scales were not considered. For opioid consumption, we extracted any data on the cumulative amount of postoperative opioid us-age, independent of route or mode of administration. Doses of opioids other than morphine were converted to morphine equivalents using standard conversion factors (i.e., 0.1 for meperidine, 11 0.75 for piritramide, 12 1.33 for oxycodone, 13 5 for hydromorphone, 13 and 100 for fentanyl 11 ).
We also extracted data on postoperative recovery times and adverse events. Definitions of recovery times and adverse events were taken as reported in the original trials.
Synthesis of Results
There was a pre hoc decision to analyze data on different ␣2 agonists separately. To minimize any random play of chance, we arbitrarily decided to analyze outcomes only when they were reported in at least five trials or when data from at least 100 patients could be combined.
Continuous data were extracted as means with standard deviations. We computed mean differences at the study level, and when deemed appropriate, we pooled the estimates and computed a weighted mean difference (WMD) with 95% CI.
Dichotomous outcomes were extracted as the presence or absence of an effect. We computed risk ratios with 95% CI at the study level and pooled these estimates whenever possible. If the 95% CI did not include 1, we assumed that the difference between ␣2 agonist and control was statistically significant at the 5% level.
To estimate the clinical relevance of a beneficial or harmful effect, we computed numbers needed to treat (NNT) or numbers needed to harm with 95% CI using risk ratio point estimates and control event rates (i.e., the average incidence of an event in the control group). Numbers needed to treat/ harm were computed only when the risk ratio indicated a statistically significant result.
Formal heterogeneity testing was performed to choose the adequate model for pooling of the estimates. A fixed effect model was used when the data were homogeneous (P Ն 0.1); a random effects model was used when the data were heterogeneous. Because statistical tests of heterogeneity have low power and may fail to detect a modest degree of true heterogeneity, the point estimates of all studies were plotted, using forest plots, for a graphical assessment.
Analyzes were conducted using Microsoft ® Excel ® 11.6.2 (Microsoft) for Mac ® ( 
Results

Study Selection
We identified 159 trials and subsequently excluded 129 ( fig.  1 ). We contacted 16 authors for supplementary data; 3 answered, and the data from 2 of these could be included in our analyses. 14, 15 We eventually analyzed 30 valid trials with data on 1,792 adult patients, of whom 933 received a systemic ␣2 agonist (table 1). 14 -43 
Study Characteristics
The studies were published between 1990 and 2009 and were performed in 16 countries: Turkey (6 trials); China, Germany, and United States of America (3 each); Belgium, France, and United Kingdom (2 each); Australia, Brazil, Canada, Egypt, Finland, Greece, Iran, Italy, and the Netherlands (1 each). Trial sizes ranged from 24 to 200 patients. The median quality score was 4 (range, 2-7). Surgery was abdominal (14 studies), hysterectomy (5), spine (4), earnose-throat (1), orthopedic (1), vascular (1), and not specified or a composite of different surgeries in 4.
Two ␣2 agonists were tested, clonidine (19 studies) and dexmedetomidine (11 studies). None tested these two drugs in a head-to-head comparison. Routes of administration were intravenous as boluses or continuous infusions (20 studies) or oral (10); in two studies, a transdermal therapeutic system also was used. ␣2 Agonists were given before (10 studies), during (6), or after surgery (4) or throughout the perioperative period (10) . Because of multiple administration regimens, cumulative doses of clonidine or dexmedetomidine could not be estimated; thus, we were unable to test for dose responsiveness.
Synthesis of Results
Postoperative Consumption of Morphine Equivalents.
Data on postoperative cumulative consumption of a variety of opioids were reported in 26 trials. 14 -16,18 -31,33-35,37-41,43 Data on cumulative consumption of morphine equivalents could be combined from 10 trials that tested clonidine ( fig. 2 ; see Supplemental Digital Content 1, http://links.lww.com/ALN/A847, figs. 1-3, which are individual Forest plots). 18, 20, 21, 24, 26, 29, 33, 37, 38, 43 At 2 h after surgery, the median of all average cumulative morphine equivalents in control subjects was 12.2 mg (range, 7.0 -17.3); clonidine did not significantly decrease this amount. 33, 37 At 12 h, the median of the average cumulative morphine-equivalents in controls was 30.1 mg (range, 10.8 -36.0), and clonidine showed a significant morphine-sparing effect (WMD Ϫ9.8 mg). 18, 20, 24, 26 At 24 h, the median of the average cumulative morphine equivalents in controls was 16.7 mg (range, 11.0 -49.9), and clonidine significantly decreased this amount (WMD Ϫ4.1 mg). 21, 29, 38, 43 Data on cumulative consumption of morphine equivalents could be combined from eight trials that tested dexmedetomidine ( fig. 2 ; see Supplemental Digital Content 1, http://links.lww.com/ALN/A847, figs. 4 -6, which are individual Forest plots). 14 -16,22,23,34,39,40 At 2 h after surgery, the median of all average cumulative morphine equivalents in control subjects was 15.5 mg (range, 10.2-19.5), and dexmedetomidine significantly decreased this amount (WMD Ϫ6.3 mg). 16, 23, 34, 40 At 12 h, the median of the average cumulative morphine equivalents in controls was 24.0 mg (range, 13.3-34.8), and dexmedetomidine showed a significant morphinesparing effect (WMD Ϫ6.0 mg). 14, 40 At 24 h, the median of all average cumulative morphine equivalents in controls was 45.2 mg (range, 17.5-49.0), and dexmedetomidine significantly decreased this amount (WMD Ϫ14.5 mg). 14 -16,22,39,40 Postoperative Pain Intensity. Data on pain scores at different postoperative time points were reported in 14 trials. 15,17,18,21,23,29 -33,37-39,41 Ten trials tested clonidine, 17, 18, 21, 29, [31] [32] [33] 37, 38, 41 and data on VAS pain scores at 1, 2, 4, 12, 24, or 48 h after the end of surgery could be combined ( fig. 3 ; see Supplemental Digital Content 1, http://links.lww.com/ALN/A847, figs. 7-12, which are individual Forest plots). At 1, 2, and 4 h, clonidine did not significantly decrease pain intensity. At 1 h, the median of the average VAS pain scores in control subjects was 3.6 cm (range, 2.8 -5.0), 32, 33, 37, 38, 41 at 2 h it was 3.3 cm (range, 1.8 -5.0), 21, 33, 38 and at 4 h, it was 4.6 cm (range, 1.0 -4.6). 21, 31, 33 At 12 and 24 h, clonidine significantly decreased pain intensity. At 12 h, the median of the average pain scores in controls was 4.9 cm (range, 3.7-5.1), WMD Ϫ1.5 cm. 17, 18, 31 At 24 h, the median of the average pain scores in controls was 3.7 cm (range, 2.4 -5.3), WMD Ϫ0.7 cm. 17, 21, 29, 31 At 48 h, the median of the average pain scores in controls was 3.1 cm (range, 2.8 -3.5) and the effect of clonidine was not significant anymore. 21, 29, 31 Four trials tested dexmedetomidine, 15 15, 23 At 24 h, the median of the average VAS pain scores in controls was 3.1 cm (range, 1.9 -4.0), and dexmedetomidine significantly decreased this pain intensity (WMD Ϫ0.6 cm). 15, 23, 39 At 48 h, the median of the average pain scores in controls was 2.8 (range, 1.6 -4.0) and the effect of dexmedetomidine was not significant anymore. 23, 39 Only one trial, testing dexmedetomidine, reported pain outcomes beyond the forty-eighth postoperative hour 39 ; patients were followed up until the seventh postoperative day. At day 7, there was no difference in pain scores between the active and the control group. None of the trials reported data on hyperalgesia or chronic pain.
Most studies specified that no concomitant nonsteroidal antiinflammatory drugs were administered. In only one trial, 32 14,15,20,22,24,29,30,34,36 -42 Both clonidine and dexmedetomidine decreased the incidence of early PONV (cumulative incidence to 8 h after surgery), NNT 8.9 and 9.3, respectively. In most trials, antiemetics were used only as a rescue medication to treat established PONV symptoms. However, in two trials, both testing dexmedetomidine, 22, 39 ondansetron was administered prophylactically to all patients at the end of surgery. The limited number of relevant trials did not allow performing sensitivity analyses to test whether the concomitant usage of "classic" antiemetics had any impact on the antiemetic efficacy of ␣2 agonists. Intra-and Postoperative Hemodynamic Effects. Data on intra-and postoperative hemodynamic effects could be extracted from 13 studies (table 3; see Supplemental Digital Content 1, http://links.lww.com/ALN/A847, figs. 23-30, which are individual Forest plots). 18, 20, 25, 26, 28, 29, 32, 35, [37] [38] [39] 41, 42 The definition of bradycardia included heart rate less than 40 or less than 45 min Ϫ1 , need for atropine, or it was not further defined. With clonidine, the increase in the risk of intra-and postoperative bradycardia did not reach statistical significance. With dexmedetomidine, the risk of postoperative bradycardia was increased significantly (number needed to harm, 3.1). There were not enough data on intraoperative bradycardia with dexmedetomidine to warrant meta-analysis.
The definition of arterial hypotension included a decrease in the mean arterial pressure more than 20% of the baseline, or mean arterial pressure less than 60 mmHg, or need for a (15) Randomization: 0 ϭ none or pseudo-randomization; 1 ϭ yes but not specified; 2 ϭ yes and adequate. Concealment: 0 ϭ none; 1 ϭ yes. Follow-up: 0 ϭ none; 1 ϭ reported but intention-to-treat analysis not possible; 2 ϭ reported and intention-to-treat analysis possible. Dex ϭ dexmedetomidine; intra-op ϭ intraoperative; ITT ϭ intention to treat; IV ϭ intravenous; PCA ϭ patient controlled analgesia; PM ϭ premedication; post-op ϭ postoperative; PO ϭ per os; TTS ϭ transdermal therapeutic system. vasoactive drug, or it was not further defined. With clonidine, the risk of both intra-and postoperative hypotension was increased significantly (number needed to harm, 9.0 and 20, respectively). For dexmedetomidine, there were not enough data to warrant meta-analysis. The definition of arterial hypertension included an increase in mean arterial pressure more than 20% of the baseline, or the need for a vasoactive drug, or it was not further defined. With clonidine, the risk of postoperative hypertension was decreased significantly (NNT 13). With dexmedetomidine, the risk of intraoperative hypertension was decreased significantly (NNT 2.3). Data on postoperative hypertension with dexmedetomidine were lacking. Recovery Times. Time to extubation was reported in five trials, 16, 20, 30, 39, 40 time to spontaneous eye opening in four, 25, 30, 36, 39 and time to response to verbal command in nine ( 16, 19, 25, 28, 30, 34, 35, 39, 40 In dexmedetomidine trials, the median of all average times to extubation in control subjects was 7.0 min (range, 5.7-7.5). Dexmedetomidine significantly shortened that time (WMD Ϫ1.6 min). For clonidine, there were not enough data to warrant meta-analysis.
In dexmedetomidine trials, the median of all average times to spontaneous eye opening in control subjects was 6.0 min (range, 3.2-6.9). Dexmedetomidine did not change that time. For clonidine, there were not enough data to warrant meta-analysis.
In dexmedetomidine trials, the median of all average times to response to verbal command in control subjects was 6.0 min (range, 3.9 -10.3) and in clonidine trials was 11 min (range, 7.5-13.2). Both clonidine and dexmedetomidine did not change that time.
Discussion
This meta-analysis was designed to evaluate the impact of perioperative systemic usage of ␣2 agonists on postoperative opioid consumption and pain intensity. We retrieved data on two ␣2 agonists, clonidine and dexmedetomidine, and because these molecules have a different selectivity for ␣2-adrenoceptors, 4 we analyzed them separately. There are two main results.
First, both clonidine and dexmedetomidine reduce morphine consumption after surgery. With dexmedetomidine, a statistically significant decrease in opioid consumption was observed from the second postoperative hour until the twentyfourth hour; with clonidine, the decrease was from the twelfth until the twenty-fourth postoperative hour. At 24 h, the decrease in cumulative morphine equivalents was approximately 25% with clonidine; it was 30% with dexmedetomidine. This degree of morphine-sparing is stronger than what has been reported with acetaminophen 44, 45 but weaker than with ketamine or nonsteroidal antiinflammatory drugs. 10, 44 Indirect comparison suggested that morphine-sparing with dexmedetomidine was more pronounced than with clonidine; on average 15 mg morphine were spared in dexmedetomidine trials, compared with only 4 mg with clonidine. However, in trials testing dexmedetomidine, postoperative morphine consumption in controls tended to be higher (median, 45 mg) than in trials testing clonidine (median, 17 mg); this could partly explain the difference. Second, with both clonidine and dexmedetomidine, pain intensity at 24 h was decreased by approximately 0.7 cm on the 10 cm VAS scale. Again, this degree of analgesic efficacy was stronger than what has been reported with acetaminophen but weaker than with nonsteroidal antiinflammatory drugs. 44 At 48 h, ␣2 agonists had lost their pain-relieving effect.
Apart from these two beneficial analgesic effects (and although this meta-analysis was not specifically designed to address additional issues), we are able to report on three additional outcomes.
First, and not unexpectedly, ␣2 agonists were shown to affect hemodynamics. We found evidence that clonidine increased the risk of intra-and postoperative arterial hypotension. For dexmedetomidine, only three trials reported on hemodynamic outcomes; the only evidence we found was an increase in the risk of postoperative bradycardia. The clinical relevance of these hemodynamic effects remains uncertain because none of the trials reported on major adverse outcomes, such as patients needing prolonged hemodynamic support with catecholamines. However, it has been shown that the perioperative use of ␤ blockers, which share similar hemodynamic properties with ␣2 agonists, increased the risk of stroke and death. 46 Probably as a direct consequence of the hypotensive effect, both drugs significantly decreased the risk of arterial hypertension. Again, it remained unclear what the clinical implications of this potentially cardioprotective effect was. Anesthesiologists may use ␣2 agonists perioperatively to blunt surgery-related hemodynamic stress responses.
Second, ␣2 agonists reduced the incidence of early postoperative nausea. Whereas classic antiemetic drugs reduced the absolute risk of PONV compared with placebo by approximately 20 -30% (NNT, 3-5), 47 the NNT to prevent nausea with clonidine or dexmedetomidine was approximately nine. This beneficial, albeit weak and short-lived antinausea effect may be explained by direct antiemetic properties of ␣2 agonists, although the biologic basis remains obscure. Alternatively, consumption of intraoperative anesthetics and opioids, which have been considered risk factors for PONV, 47 may be reduced with the use of ␣2 agonists. 5 We did not analyze intraoperative anesthetic or opioid con-sumption because this would have gone beyond the principle aim of our analysis. However, postoperative opioid-sparing with ␣2 agonists was moderate only, and it has been suggested that even with nonopioid adjuvants that cause a considerably stronger opioid-sparing, a reduction in the incidence of opioid-related adverse effects was unlikely. 48 Finally, the observed antinausea effect of ␣2 agonists may be explained through a decrease in sympathetic tone; it has been suggested that PONV may be triggered by high catecholamine concentrations. 49 Our analyses did not allow addressing the question whether the ␣2 agonist-related, PONVdecreasing effect was reinforced when classic antiemetics were administered concomitantly.
Finally, we found no evidence that ␣2 agonists lengthened recovery times although they are well known for their sedative properties. This may be explained through a concomitant intraoperative anesthetic-sparing. 5 This meta-analysis has limitations; these are related mainly to the quality of the analyzed trials. Most studies were of small size and thus at risk of overestimating treatment effects and of underreporting relevant adverse effects. In addition, our analyses of secondary endpoints may be subject to selection bias. For instance, we analyzed data on PONV, recovery times, or hemodynamic effects from trials that were systematically searched for a different purpose. Thus, strictly speaking, the data on secondary endpoints were based on a selected group of trials. The retrieved trials presented a large variety of drug regimens and types of surgery. This illustrates that the management of ␣2 agonists in clinical practice is not based on evidence but merely on institutional or personal habits. In addition, these trials reported on many different nonstandardized endpoints, which precluded the compari- son of trial results and pooling of data from independent studies. For instance, data on postoperative sedation could not be analyzed because almost each trial that reported on sedation was referring to yet another scale. Particularly in dexmedetomidine trials, endpoint reporting seemed sometimes selective, and less favorable results may have been omitted. For instance, of four adverse hemodynamic endpoints (i.e., intraand postoperative bradycardia or hypotension), all four could be analyzed for clonidine, but only one for dexmedetomidine. Complete data reporting, including data on adverse effects, is important to allow informed decision-making. Our meta-analysis summarizes the entire scope of the current scientific knowledge on the role of perioperative systemic ␣2 agonists for postoperative pain control. Consequently, this analysis may serve as a rationale basis for future research. In fact, our systematic review raises several unre- solved issues. For instance, the choice between the two ␣2 agonists remains difficult. We did not retrieve any randomized head-to-head comparison. Clonidine is still widely used in Europe, 6 but dexmedetomidine is known to be approximately eight times more specific at the receptor. 50 Although the analgesic efficacy of these two drugs seems comparable, their risk-benefit profiles may differ. 4 In addition, for both drugs, the best dose and timing of administration remain largely unknown because they were administered before surgery, throughout the perioperative period, and through multiple routes of administration. For ␣2 agonists to be used in daily clinical practice, evidence-based regimens that provide a maximum of benefit and a minimum of harm need to be defined. Finally, one aim of multimodal analgesia is to reduce the risk of chronic postoperative pain. 51 Prospective studies that evaluate the impact of drugs on the development of chronic postoperative pain are sparse. 3 Curiously, only one of these trials reported on a follow-up period that went beyond 48 postoperative h, 39 and none studied hyperalgesia.
We are yet unable to determine the impact of systemic ␣2 agonists on chronic postoperative pain or hyperalgesia; this should be elucidated.
In conclusion, in patients undergoing surgery with general anesthesia, there is evidence that perioperative systemic administration of ␣2 agonists decreases postoperative opioid consumption, pain intensity, and nausea. There is no evidence that ␣2 agonists delay recovering times. Data on any potential impact of ␣2 agonists on chronic postoperative pain or hyperalgesia are lacking. For clinical decision-making, the beneficial analgesic effects should be balanced against an increased risk of intra-and postoperative hypotension and bradycardia. Additional studies that clarify the adverse effect profile of clonidine and dexmedetomidine and that define rational regimens are required before systemic ␣2 agonists can be recommended as regular components of multimodal analgesia.
